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(57) ABSTRACT

The present invention realizes higher-speed external output
operation synchronized with a clock signal from the view-
point of prevention of output operation delay due to a level
shift circuit and maintenance of a high breakdown voltage of
an output buffer. A semiconductor integrated circuit includes
a first circuit and a second circuit having a breakdown
voltage higher than a breakdown voltage of the first circuit,
and operation voltages of the first and second circuits can be
made equal to each other or different from each other. The
second circuit has a plurality of level shift circuits capable
of shifting the level of an output of the first circuit in
accordance with an operation voltage of the second circuit,
a plurality of external output buflfers receiving outputs of the
level shift circuits, bypasses for bypassing an input of a
predetermined level shift circuit to an nput of a predeter-
mined external output buifer, and a selecting circuit for
selecting connection of either the predetermined level shaft
circuit or a bypass to an input of the predetermined external
output buffer. In a use form i1n which the first and second
circuits operate with a low voltage, the bypass 1s selected. In
high-voltage operation and burn-in, the level shift circuits
are selected.

11 Claims, 15 Drawing Sheets
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FIG. 2
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FIG. 3
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FIG. 13
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SEMICONDUCTOR INTEGRATED CIRCUIT
AND A BURN-IN METHOD THEREOF

BACKGROUND OF THE INVENTION

The present 1nvention relates to a semiconductor inte-
grated circuit technique for addressing increase 1n speed of
external output operation synchronized with a clock signal.
More particularly, the invention relates to, for example, a
semiconductor integrated circuit using, in an external inter-
face portion, a MOS transistor having a breakdown voltage
higher than that of an internal circuit and, further, to a
technique effective to be applied to a burn-in method of such
a semiconductor integrated circuit.

Japanese Unexamined Patent Application No. 9(1996)-
8632 discloses a technique of stepping down an external
power supply voltage within an LSI and making an external
interface circuit operate with an external power supply
voltage by using the stepped-down voltage as an operation
power source of an internal circuit from a viewpoint of
reduction in the size of a circuit device, reduction 1n power
consumption, and the like. Japanese Unexamined Patent
Application No. 2000-353947 discloses a technique 1n a
semiconductor output circuit having a function of shifting
the level of an internal signal to a signal level of a break-
down voltage of a semiconductor device or higher and
outputting the resultant, and a function of outputting a signal
at the mternal signal level which 1s before the level shifting.
In the semiconductor output circuit, for an output buflfer in
which a MOS ftransistor for protection used to increase a
breakdown voltage between the gate and source of an output
buffer transistor 1s provided on the power supply side, in
order to prevent delay 1n speed of change 1n rising of a signal
caused by on-state resistance of the MOS transistor for
protection (the power supply voltage of the output buffer is
the same as that in the internal circuit), the on-state resis-
tance of the MOS transistor for protection 1s set to be varied
by controlling a gate voltage.

SUMMARY OF THE INVENTION

In the conventional techniques, however, attention 1s not
paid to delay 1n the output operation due to the level shifting
function and, further, delay 1n external output operation due
to propagation delay 1n a clock signal with respect to the
point of addressing increase 1n the speed of external output
operation synchronized with a clock signal. The inventor
herein has examined the following points with respect to the
point of addressing increase 1n speed of the external output
operation synchronized with a clock signal.

First, the output operation delay due to the level shifting
function was examined. For example, a semiconductor inte-
orated circuit after a 0.35 um process internally uses an
MOS transistor having a low breakdown voltage and uses a
MOS transistor of a high breakdown voltage 1 an 1nterface
portion with the outside. To operate an 1nternal circuit with
a low voltage such as 3.3V and operate the interface portion
with a high voltage like 5.0V, a level shift circuit for shifting
a low-voltage amplitude to a high-voltage amplitude 1s
inserted between the internal circuit and an input/output
buffer. If a low-voltage power 1s supplied to both of the
internal circuit and the interface portion, the whole semi-
conductor mtegrated circuit can operate with a low voltage.
The inventor herein has therefore examined to mount a host
interface module for an LPC (Low Pin Count) bus interface
as a parallel interface in a PC (Personal Computer)
(hereinbelow, also simply called an LPC module) on such a
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semiconductor mtegrated circuit. In a high-speed host inter-
face specification such as the LPC, bus wiring 1s suppressed
and, 1n addition, data communication 1s performed synchro-
nously with a PCI (Peripheral Component Interconnect)
clock of 33 MHz (external clock signal). Consequently,
designing which 1s tighter with respect to signal propagation
delay 1n a semiconductor integrated circuit 1s demanded.
Regarding an external power supply as well, a small signal

amplitude 1s realized by using a low-voltage power supply
of 3.3V or the like. However, the inventor herein has found

that delay 1n a data output timing from an external clock
signal 1s increased by the output operation delay due to the
level shift circuit and the propagation delay of the internal
clock.

The inventor herein has consequently examined, against
the output operation delay due to the level shift circuit, a
countermeasure of bypassing the level shift circuit by master
slice of a wiring layer since both of the internal circuit and
the mterface portion operate with only a low voltage 1n the
case of assuring the operation of the LPC module. However,
when the interface portion 1s operated with a high voltage
such as 7.0V and the internal circuit 1s operated with a low
voltage such as 4.6V 1n order to apply a high voltage to the
MOS transistor having a high breakdown voltage at the time
of burn-in, the level shifting function 1s not realized in the
bypassed portion. Therefore, an intermediate potential 1s
applied to a circuit like an inverter or clocked inverter which
receives a small-amplitude signal and a shoot-through cur-
rent flows 1n the interface portion. The shoot-through current
causes shifting of a threshold voltage of a MOS transistor by
hot carriers and destruction of a MOS transistor.

When a low voltage of about 4.6V 1s applied to both of the
internal circuit and the interface portion at the time of
burn-in, the problem does not occur. However, a sufficient
voltage stress cannot be put on a MOS transistor having a
high breakdown voltage, so that an initial failure cannot be
found, and the possibility that the failure becomes apparent
in the market after shipment becomes high. It 1s therefore
unavoidable that reliability deteriorates. An external termi-
nal for an LPC module 1s conformed with a PCI bus and 1s
used 1n an environment where there 1s no termination using
a reflection wave. In the worst case, a voltage twice as high
as the power supply voltage 1s applied to the terminal.
Consequently, the MOS transistor in the mterface portion to
be connected to the terminal i1s requested to have a high
breakdown voltage.

Second, the external output operation delay due to the
propagation delay of the clock signal was examined. For
example, in an LPC module, output data has to be deter-
mined within predetermined permissible delay time since a
rising change of a PCI clock of 33 MHz (external clock
signal). It was found out by the inventor herein that, when
the permissible delay time 1s shortened, 1f a clock signal
generated by an internal CPG (Clock Pulse Generator) is
used as a latch clock signal for data output, the output data
may not be determined within the time.

An object of the present mnvention 1s to provide a semi-
conductor integrated circuit capable of realizing higher-
speed external output operation synchronized with a clock
signal from the viewpoints of prevention of the output
operation delay due to a level shift circuit and maintenance
of a high breakdown voltage of an output buifer.

Another object of the mvention 1s to provide a semicon-
ductor integrated circuit capable of realizing higher-speed
external output operation synchronized with an external
clock signal from the viewpoint of suppression of clock
delay.
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Further another object of the invention 1s to provide a
burn-in method capable of improving reliability of burn-in
in a semiconductor integrated circuit with higher speed of an
external output operation synchronized with a clock from
the viewpoint of prevention of output operation delay due to
a level shift circuit and maintenance of a high breakdown

voltage of an output buifer.

The above and other objects and novel features of the
invention will become apparent from the description of the
specification and the appended drawings.

The outline of representative ones of 1nventions disclosed
in the specification will be brietly described as follows.
(1) A semiconductor integrated circuit of the invention
achieved from the viewpoint of prevention of output opera-
tion delay due to a level shift circuit and maintenance of a
high breakdown voltage of an output buifer includes a first
circuit (4, 7) and a second circuit (3) having a breakdown
voltage higher than a breakdown voltage of the first circuit,
and operation voltages of the first and second circuits can be
made equal to each other or different from each other. The
second circuit has: a plurality of level shift circuits (34, 385,
54, 55) capable of shifting the level of an output of the first
circuit in accordance with an operation voltage of the second
circuit; a plurality of external output buffers (33, 53) receiv-
ing outputs of the level shift circuits; a bypass (70, 71) for
bypassing an input of a predetermined level shift circuit (54,
55) to an input of a predetermined external output buffer
(53); and a selecting circuit (74) for selecting connection of
cither the predetermined level shift circuit or a bypass to an
input of the predetermined external output bufler.

In a use form 1n which the first and second circuits operate
with a low voltage, the bypass 1n the predetermined level
shift circuit 1s connected to the input of the predetermined
external output buifer. An external interface using the exter-
nal output buffer connected to the bypass i1s not influenced
by the operation delay by level shifting. Thus, a high-speed
interface with the outside can be realized.

In a use form using a high voltage for an external interface
as a request on a system to which the semiconductor
integrated circuit 1s applied, the first circuit 1s operated with
a low voltage, the second circuit 1s operated with a high
voltage, a level shift circuit 1s interposed without selecting
a bypass also 1n the predetermined external output buifer, the
signal amplitude of a low voltage 1n the first circuit 1s shifted
to the signal amplitude of a high voltage of the second
circuit, and the resultant signal 1s supplied to the external
output buffer.

Also 1n the case of employing any of the use forms, at the
time of burn-in, the first circuit 1s operated with a low
voltage for burn-in, the second circuit 1s operated with a high
voltage for burn-in, a bypass 1s not selected 1n the prede-
termined external output buffer but the level shift circuit is
interposed, the signal amplitude of the low voltage for
burn-in in the first circuit 1s shifted to that of the high voltage
for burn-1n of the second circuit, and the resultant 1s supplied
to the external output buifer. Since a shoot-through current
does not pass to the second circuit by an mtermediate-level
signal having a relatively small amplitude of the first circuit,
deterioration 1n the characteristic or destruction of the sec-
ond circuit caused by the shoot-through current does not
occur. Therefore, burn-in can be carried out 1n the first and
second circuits by using the operation powers adapted to the
breakdown voltages of the circuits, so that reliability of
burn-in can be guaranteed.

(2) The level shift circuit may be constructed by a plurality
of level shift circuits having level shifting ranges which are
different from each other. When the operation voltages of the
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™

first and second circuits are different from each other, to deal
with a case where the difference between the operation
voltages 1s large, 1t 1s suflicient to prepare a plurality of level
shift circuits which are optimum to level shift ranges and
select a level shift circuit to be used 1n accordance with an
operation voltage difference at the time of actually operating
a semiconductor integrated circuit.

(3) As a concrete form of the invention, when the semicon-
ductor integrated circuit has an internal power step-down
circuit for stepping down an input voltage from a first
external terminal (VCC), the second circuit uses an input
voltage supplied to the first external terminal as an operation
voltage. The first circuit uses, as an operation power, a
stepped-down output voltage of the internal power step-

down circuit or an input voltage from a second external
terminal (VCL).
When the operation voltage of the first circuit and that of

the second circuit are made different from each other, an
external power supply voltage 1s connected to a first terminal
and a stabilized capacitative element 1s connected to a
second terminal. When the operation voltage of the first
circuit and that of the second circuit are made equal to each
other, the same external power supply voltage 1s connected
to the first and second terminals. At this time, the operation
of the internal power step-down circuit may be stopped.
Since power supply capability 1s low as compared with the
external power supply circuit, even if the mternal power
step-down circuit operates, there 1s no harm.

The first circuit may have register means (94) for holding
selection control information (87) of the selecting circuit.

The first circuit has, for example, an output latch circuit
(90) for latching output data of the predetermined external
output buffer synchronously with a clock signal (104, 105)
and a data processing circuit (20) for processing data to be
latched by the output latch circuit.

The output latch circuit may be a part of a predetermined
IO port or a dedicated circuit neighboring to the predeter-
mined external output buifer. By disposing the output latch
circuit adjacent to the external output bufler, propagation
delay of latch data to the external output buffer can be
reduced.

The clock signals may be supplied from the outside 1n
parallel to the output latch circuit and the data processing
circuit. When the output latch circuit receives a clock signal
from the outside and performs the output latching operation,
an 1nfluence of the clock delay in the output operation
synchronized with the external clock signal can be reduced.

As a further concrete form, the data processing circuit 1s
a host 1nterface control circuit. For example, the host inter-
face control circuit and the output latch circuit operate
synchronously with the external clock signal of 33 MHz.
(4) In a burn-in method according to the invention of
performing burn-in 1n a semiconductor integrated circuit
including a first circuit and a second circuit having a
breakdown voltage higher than a breakdown voltage of the
first circuit, in which operation voltages of the first and
second circuits can be made equal to each other or different
from each other, and the second circuit includes a level shift
circuit capable of shifting the level of an output of the first
circuit 1n accordance with an operation voltage of the second
circuit, an external output buffer receiving an output of the
level shift circuit, and a bypass for selectively bypassing an
input of a predetermined level shift circuit to an input of the
external output buifer, operation voltages of the first and
second circuits are made different from each other and no
bypass selection 1s set 1n the bypass.

(5) A semiconductor integrated circuit according to the
invention achieved from the viewpoint of suppression of
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clock delay has an external output buffer (83), a latch circuit
(90) for latching data to be output from the external output
buffer synchronously with an external clock signal (100),
and a circuit (20) for processing data to be latched by the
latch circuit. The latch circuit and the processing circuit
commonly receive an output of a clock buffer (101) receiv-
ing the external clock signal.

The latch circuit receives a clock signal from the outside
and performs an output latch operation, thereby enabling an
influence of the internal clock delay in output operation
synchronized with an external clock signal to be reduced.

When the latch circuit 1s disposed close to the external
output buffer, the propagation delay of latch data to the
external output buffer can be reduced.

It is also possible to provide an 10 port (93) capable of

latching data to be output from the external output buifer
synchronously with an internal clock signal and selectively
switch operation of the IO port and operation of the latch
circuit.
(6) A semiconductor integrated circuit achieved from further
another viewpoint of the invention has: a central processing
unit; a clock generating circuit receiving a reference clock
and generating an operation clock to be supplied to the
central processing unit; an internal bus coupled to the central
processing unit; a host interface module coupled to the
internal bus, having a plurality of output buffers, a plurality
of latch circuits for latching data to be output from the
plurality of output buifers synchronously with an external
clock signal, and a processing circuit for processing data to
be latched by the plurality of latch circuits; and an external
terminal to which the external clock signal 1s supplied from
the outside. The plurality of latch circuits are disposed near
the plurality of output buifers, and the external clock signal
supplied to the external terminal 1s commonly 1nput to the
plurality of latch circuits.

As a concrete mode, the host interface module may be a
host interface module for an LPC (Low Pin Count) bus
interface.

As another concrete mode, the semiconductor integrated
circuit may have an 10 port capable of latching data to be
output from the plurality of output buffers synchronously
with an internal clock signal which is output from the clock
generating circuit, and operation of the 10 port and operation
of the latch circuit can be selectively switched.

Further, the semiconductor integrated circuit may have an
AD converter coupled to the internal bus, for converting an
analog signal supplied from the outside to a digital signal,
and the host interface module may supply the digital signal
converted by the A/D converter to a host processor to be
coupled to the semiconductor integrated circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a microcomputer as an

example of a semiconductor mtegrated circuit according to
the 1nvention.

FIG. 2 1s an explanatory diagram illustrating a power
supply terminal connection form 1n a high-voltage operation
of the microcomputer.

FIG. 3 1s an explanatory diagram illustrating a power
supply terminal connection form 1n a low-voltage operation
of the microcomputer.

ter and

FIG. 4 15 a circuit diagram 1llustrating an output bu
a level shift circuit in a buifer portion.

FIG. 5 1s a circuit diagram 1llustrating an output buifer and
a level shift circuit assigned to an output of an LPC bus HIF
circuit in the buffer portion.
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FIG. 6 1s a signal waveform chart illustrating a signal
waveform 1n the buifer portion of FIG. 5.

FIG. 7 1s an explanatory diagram illustrating the corre-
sponding relation between the valid/invalid state of LPC
communication and an operation power supply.

FIG. 8 1s a circuit diagram showing, as a comparative
example of FIG. 5, a case where the LPC communication 1s
valid 1n a normal operation 1in a microcomputer which does
not employ a bypass for an LPC bus interface.

FIG. 9 15 an explanatory diagram illustrating a connection

relation between the circuit configuration of FIG. 5 and the
LPC bus HIF circuit.

FIG. 10 1s a block diagram illustrating a transmission

system of a latch clock signal to an output latch circuit for
the LPC bus interface.

FIG. 11 1s a block diagram showing an example 1n which
clock delay and data propagation delay are further improved.

FIG. 12 1s a schematic plan view 1illustrating the layout of
a portion around the buifer portion.

FIG. 13 1s a circuit diagram showing an example of a
semiconductor integrated circuit capable of selecting any of
two kinds of external power supply voltages for high-
voltage operation.

FIG. 14 1s an explanatory diagram illustrating a corre-
spondence relation between the valid/invalid state of LPC
communication and an operation power supply 1n the semi-
conductor 1ntegrated circuit of FIG. 13.

FIG. 15 1s a block diagram 1llustrating a data processing,
system used as any of various interface controller LSIs 1n
which a microcomputer 1s connected to an LPC bus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a microcomputer as an example of a
semiconductor integrated circuit according to the invention.
A microcomputer 1 shown 1n the diagram i1s formed on a
semiconductor substrate (chip) made of single crystal silicon
or the like by, for example, a known CMOS integrated
circuit fabricating technique. Although not limited, a number
of output terminals 2 such as bonding pads are disposed
around the chip. On the 1nside of the output terminals 2, a
buffer portion 3, an input/output port 4, an analog port 5, and
an 1ternal power step-down circuit 6 are disposed. In the
center portion, an internal digital portion 7 and an analog
portion 8 are disposed.

The 1nput/output port 4 and the internal digital portion 7
form a first circuit constructed by a MOS transistor having
a relatively low breakdown voltage, and the like. On the
other hand, the buifer portion 3 forms a second circuit of a
high breakdown voltage, which 1s constructed by a MOS
transistor having a relatively high breakdown voltage, and
the like. Each of the analog port 5, internal power step-down
circuit 6, and analog portion 8 i1s constructed by a MOS
transistor having a relatively high breakdown voltage, and

the like.

The 1nternal digital portion 7 has: a clock generator 10 for
generating an internal operation clock signal on the basis of
an oscillator or a reference system clock signal, a central
processing unit (CPU) 11, a ROM 12 holding, for example,
an operation program of the CPU 11, a RAM 13 used as, for
example, a work area of the CPU 11, an interrupt controller
14 for controlling interruption to the CPU 11 in response to
an exceptional process request and an interrupt processing,
request, a data transfer controller (DTC) 15 for performing
data transferring control in accordance with initial setting by
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the CPU 11, and a bus controller 16 for performing bus
control on internal and external buses 1n response to an
accessing operation by the CPU 11 or data transfer controller
15. Further, the mternal digital portion 7 has a serial com-
munication interface (SCI) controller 18 as an IO controller
(input/output control circuit), an ISA (Industry Standard
Architecture) bus HIF (Host Interface) circuit 19, and an
LPC bus HIF circuit (also called an LPC bus interface
module) 20. In addition, the internal digital portion 7 has a
watch dog timer (WDT) 21, a 16-bit free running timer 22,
an 8-bit timer 23, an 8-bit PWM (Pulse Width Modulator)
24, a 14-bit PWM 25, and an 12C (Inter IC) 26.

The analog portion 8 has an analog/digital (A/D) con-
verter 27 and a digital/analog (D/A) converter 28.

The microcomputer 1 has, as terminals for power supply,
a power supply terminal VCC, a ground terminal GND of
the circuit, a terminal VCL for low-voltage operation, an
analog power supply terminal AVCC, and an analog ground
terminal AVSS. The analog power supply terminal AVCC
and analog ground terminal AVSS are dedicated to the
analog port 5 and analog portion 8.

The operation power supplied from the power supply
terminal VCC 1s supplied to the buifer portion 3 and internal
power step-down circuit 6. The internal power step-down
circuit 6 steps down the voltage of the operation power
supplied from the power supply terminal VCC and supplies
the stepped-down voltage as a step-down power of the
input/output port 4 and internal digital portion 7. The
terminal VCL for low-voltage operation 1s connected to a
path of supplying the step-down power. The microcomputer
1 are adapted to both of the high-voltage operation which 1s
performed with a relatively high voltage received by the
power supply terminal VCC and the low-voltage operation
which 1s performed with a relatively low voltage received by
the power supply terminal VCC.

FIG. 2 1llustrates the power supply terminal connection
form at the time of the high-voltage operation of the micro-
computer. An external power of 4.5 to 5.5V 1s supplied from
an external power supply circuit 30 to the power supply
terminal VCC. The internal power step-down circuit 6
outputs a stepped-down voltage which 1s stepped down to,
for example, about 3.2V. A stabilized capacitative element
31 (for example, 0.1 ¢F) 1s connected to the terminal VCL
for low-voltage operation. With the configuration, the buffer
portion 3 operates on an external power source of 4.5 to
5.5V, and the mput/output port 4 and internal digital portion
7 operate with a stepped-down voltage of about 3.2V,

FIG. 3 illustrates a power supply terminal connection
form 1n the low-voltage operation of the microcomputer. To
the power supply source VCC and the terminal VCL {for
low-voltage operation, an external power of 3.0 to 3.6V 1is
supplied from an external power supply circuit 32. It 1s
preferable to stop the stepping-down operation of the inter-
nal power step-down circuit 6. However, since the power
supply capability of the internal power step-down circuit 6
1s lower than that of the external power supply circuit 32,
even 1f the internal power step-down circuit 6 operates, there
1s no substantial harm. With the configuration, the buifer
portion 3, input/output port 4 and internal digital portion 7

operate on the relatively-low external power supply of 3.0 to
3.6V.

FIG. 4 illustrates an output buffer and a level shiit circuit
in the buifer portion 3. An output bufler 33 1s constructed by
a CMOS 1nverter formed by a p-channel type MOS transis-
tor Q1 and an n-channel type MOS transistor Q2. The gate
electrodes of the MOS transistors Q1 and Q2 receive outputs
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of level shift circuits 34 and 35 via inverters 36 and 37,
respectively. Data latched by an output latch circuit 40 of the
input/output port 4 1s supplied to the level shift circuits 34
and 35 via an output control circuit 41. In the high-voltage
operation, each of the level shift circuits 34 and 35 receives
a signal of a relatively small amplitude which 1s equal to that
of the stepped-down voltage, shifts the amplitude to that of
the external power supply voltage, and outputs the resultant.
For example, when MOS transistors Q3 and Q4 receive the
high-level of the stepped-down voltage in the level shaft
circuit 34 and MOS transistors Q35 and Q6 receive the low
level, the MOS transistor Q4 1s turned on, MOS transistors
Q3 and Q7 are turned off, the MOS transistor Q6 1s turned
off, and the MOS transistors Q5 and Q8 are turned on, and
the high level of the external power supply voltage 1is
obtained at the common drain of the MOS transistors Q3 and
Q6. By the level shifting function, erroneous operation and
occurrence of an undesired shoot-through current caused
when a circuit using the external power supply as an
operation power supply receives the high level of the
stepped down voltage as an mtermediate level 1n the buifer
portion 3 can be suppressed.

Although substantial level shifting 1s not performed
between an 1input and an output of the level shift circuit at the
time of the low-voltage operation, to determine an output
logic value which responds to an input, the input has to be
subjected to a static latch operation in the level shift circuat.
It causes a delay 1n the output operation.

In FIG. 4, reference numerals 42 and 43 denote inverters.
The output control circuit 41 1s constructed by inverters 44
to 47, a 2-input NOR gate 48, and a 2-input NAND gate 49.
The output control circuit 41 makes the output buifer 33
have a high output impedance with the low level of a control
signal 50, and enables latch data output operation to be
performed by the output buffer 33 with the high level of the
control signal 50.

FIG. 5 1llustrates an output buifer and a level shift circuit
assigned to an output of the LPC bus HIF circuit 20 in the
buffer portion 3. The configuration shown 1n the drawing
basically has an output buffer 53, level shift circuits 54 and
55, and an output control circuit 61 each having the same
conflguration as that of a corresponding component 1n FIG.
4 and has, 1n addition, bypasses 70 and 71 and a selecting
circuit 74.

The bypasses 70 and 71 bypass inputs of the level shift
circuits 54 and 35 to the mputs of the output butfer 53 via
mverters 72 and 73. The selecting circuit 74 1s a circuit for
selecting connection of either the level shift circuits 54 and
55 or bypasses 70 and 71 to the output bufifer 53. The
selecting circuit 74 has clocked inverters 75 and 76 which
can exclusively perform output operation to select connec-
tion of either the level shift circuit 54 or bypass 70. Outputs
of the clocked 1nverters 75 and 76 are connected to the gate
electrode of the MOS transistor Q1 via inverters 80 and 56.
The selecting circuit 74 also has clocked mverters 77 and 78
which can exclusively perform output operation to select
connection of either the level shift circuit 55 or the bypass
71. Outputs of the clocked mverters 77 and 78 are connected
to the gate electrode of the MOS transistor Q2 via inverters

81 and 57.

The operation of the clocked inverters 75 to 78 1s selected
by a control signal 87. The control signal 87 1s converted to
a complementary signal via inverters 82 to 84 and the
complementary signal 1s supplied to the clocked inverters 75
to 78. When the control signal 87 1s at the high level, the
bypasses 70 and 71 are selected. When the control signal 87
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1s at the low level, outputs of the level shift circuits 54 and
55 are selected.

In FIG. 5, the output control circuit 61 1s constructed by
iverters 64 to 67, a 2-input NOR gate 68, and a 2-input
NAND gate 69. The output control circuit 61 makes the
output buffer 53 have a high output impedance by the low
level of a control signal 85 and enables the output buifer 53
to output data 88 by the high level of the control signal 885.
The data 88 1s output from an output latch circuit 86
representatively shown. The output latch circuit 86 latches

data synchronously with a clock signal supplied to a clock
terminal CK.

FIG. 6 1llustrates signal waveforms 1n the buffer portion
3 m FIG. 5. When the output wavetforms of the bypasses 70
and 71 are compared with outputs of inverters 62 and 63 1n
the level shift circuits 54 and 55, although outputs of the
level shift circuits 54 and 55 are delayed by the operation
delay, no delay due to the operation delay occurs in the

bypasses 70 and 71.

At the time of performing a host interface control using
the LPC bus HIF circuit 20 (when the LPC communication
is valid), by selecting the bypasses 70 and 71 by the
high-level control signal 87, the latched data 1s output from
the output terminal 2 at a timing relatively earlier than an
output operation timing of the latch circuit 86 (change in a
clock specilying the operation of latching the data 88 by the
latch circuit 86) for the reason that the output path of the
latched data at this time 1s not influenced by the operation
delay of the level shift circuits 54 and 55.

When the host mterface control using the LPC bus HIF
circuit 20 is not performed (when the LPC communication
is invalid), by selecting the level shift circuits 54 and 35 by
the low-level control signal 87, the latched data 1s output
from the output terminal 2 at a timing delayed from the
output operation timing of the latch circuit 86 (change in a
clock specifying the latching operation) for the reason that
the mnfluence of the operation delay of the level shift circuits
54 and 55 1s exerted 1n this case.

FIG. 7 1llustrates the correspondence relation between the
valid/invalid state of the LPC communication and the opera-
tion power source. The operation status 1s roughly divided
into burn-in and the normal operation (operation status other
than burn-in), and the normal operation is roughly divided
into an LPC communication valid state and an LPC com-
munication 1nvalid state. When the LPC communication 1s
valid 1 the normal operation, a low-voltage operation status
1s obtained 1n which a low voltage such as 3.3V 1s supplied
to the terminals VCC and VCL to operate the builer portion
3, input/output port 4, and internal digital portion 7 with the
low-voltage power of 3.3V or the like. In the case of
performing the host interface control using the LPC bus HIF
circuit 20 1n the operation status, when the control signal 87
is set to the high level (3.3V 1n this case), in the buffer
portion 3 for the interface, the clocked inverters 76 and 77
in the selecting circuit 74 are turned on, the clocked 1nverters
75 and 78 are turned off, and the bypasses 70 and 71 are
selected, thereby enabling the high-speed LPC bus interface
to be realized. As for the buffer portion for the external
interface other than the LPC bus interface, also in the
low-voltage operation status, an output signal passes
through the level shift circuit. In this case, 1n the external
interface other than the LPI bus interface, an output timing
which 1s tight to a degree that the operation delay of the level
shift circuit 1s an 1ssue 1s not demanded.

When the LPC communication in the normal operation 1s
invalid, a high-voltage operation status 1s obtained in which
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an external power of 5.0V 1s applied to the terminal VCC,
stabilized capacitance 1s coupled to the terminal VCL, the
buffer portion 3 i1s operated on the external power supply,
and the input/output port 4 and the internal digital portion 7
operate with an internal stepped-down voltage of 3.2V or the
like. In the operation status, the control signal 87 1s set to the
low level (OV in this case). In the buffer portion 3, the
clocked mverters 76 and 77 in the selecting circuit 74 are
turned off, the clocked inverters 75 and 78 are turned on,
outputs of the level shift circuits 54 and 55 are selected, the
small amplitude of the stepped-down voltage i1s increased
the amplitude of the external power by the level shift circuits
54 and 55, and the resultant 1s output from the output buffer
53 to the output terminal 2. Therefore, the 1nvention can be
applied to the data processing system using a relatively high

operation voltage such as 5V.

In the case where the LPC communication 1s used 1n any
of the valid and invalid states 1n the normal operation, at the
time of burn-in, a high voltage for burn-in such as 7.0V 1is
applied to the power supply terminal VCC, the control signal
87 1s set 1n the low level like 1n the state where the LPC
communication 1n the normal operation 1s mvalid, and the
shifting function of the level shift circuits 54 and 55 1s made
valid. Therefore, for the input/output port 4 and the internal
digital portion 7 of a relatively low breakdown voltage,
burn-in can be carried out with a relatively low voltage of
about 4.6V, For the buifer portion 3 having a relatively high
breakdown voltage, burn-in can be carried out with a
relatively-high external power supply voltage of about 7.0V,
Thus, the reliability of burn-in can be guaranteed also for the
circuit 3 of a high breakdown voltage. Moreover, since the
input/output port 2 which operates with a low voltage 1s
connected to the buffer portion 3 which operates with a high
voltage via the level shift circuits 54 and 55, a situation that
a signal of an intermediate level 1s continuously supplied
from the 1nput/output port 2 directly to the inverter of the
buffer portion 3 does not occur.

FIG. 8 shows, as a comparative example of FIG. 5, a case
where the valid LPC communication 1s made valid 1n the
normal operation 1n a microcomputer which does not
employ a bypass for the LPC bus interface. In FIG. 8, inputs
of the iverters 64 and 65 are pulled up, outputs of the
iverters 62 and 63 are floated, an output of the NOR gate
68 1s bypassed to the mput of an inverter S6 by wiring, and
an output of the NAND gate 69 1s bypassed to the input of
the mverter 57 by wiring. A process such as the bypassing
1s selected by a fixed method 1n a process such as wiring
master slicing. In such a manner, 1n a use form where the
LPC communication of the low-voltage operation 1s valid,
the operation delay of the level shift circuits 54 and 35 does
not exert an 1nfluence on the data outputting operation for
the LPC interface. However, at the time of burn-in, 1f a
burn-in voltage of about 7.0V 1s applied to the external
terminal VCC to set a high-voltage operation status 1n a
manner similar to the burn-in of FIG. 5, stress of the high
voltage can be applied to the buffer portion 3. However, an
intermediate level signal having a voltage amplitude of
about 4.6V 1s 1input to the gates of the inverters 56 and 57 via
wiring for bypass, a shoot-through current passes mto the
inverters 56 and 57, and 1t causes a change 1n the threshold
voltage or a fear of destruction. There 1s no such a fear 1n the
microcomputer employing the bypasses 70 and 71 for the
LPC bus interface and the selecting circuit 74 as shown 1n

FIG. S.

FIG. 9 illustrates a connection relation between the circuit
configuration of FIG. 5 and the LPC bus HIF circuit 20. In
correspondence with the circuit configuration of FIG. 5, the
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input/output port 4 has, for example, an output control
circuit 91 including an output latch circuit 90 for LPC and
an output control circuit 93 including an output latch circuit
92 for general purpose. The output control circuit 91 1s
connected to the LPC bus HIF circuit 20 and dedicated. The
output control circuit 93 can be connected to other periph-
eral circuits such as the 8-bit timer 23 via an internal data bus
and 1s used for general purpose.

The LPC bus HIF circuit 20 has a control register 94
including a control bit such as an LPC enable bit Elpc. When
Elpc="“1 (high level)”, valid LPC communication 1s set.
When Elpc="0 (low level)”, invalid LPC communication 1s
set. The LPC enable bit Elpc 1s supplied to the output control
circuits 91 and 93 and 1s also supplied as the control signal
87 to the selecting circuit 74.

At the time of the valid LPC communication instructed by
Elpc="1" (87="1"), the output control circuit 91 for LPC is
made operative and the output control circuit 93 for general
purpose 1s made 1noperative. At this time, the bypasses 70
and 71 are selected by the high-level control signal 87, the
level shifting function 1s made mnvalid, and a state 1n which
a high-speed output operation can be performed by the
low-voltage operation. On the other hand, at the time of the
invalid LPC communication instructed by Elpc=“0" (87=
“07), the output control circuit 91 for LPC 1s made inop-
erative and the output control circuit 93 for general purpose
1s made operative. At this time, the level shifting function of
the level shift circuits 54 and 55 1s made valid by the
low-level control signal 87 and a state 1n which the level
shifting output operation can be performed by the high-
voltage operation 1s set.

The microcomputer used to make the LPC communica-
tion valid receives the supply of the operation power 1n the
low-voltage operation form. At the time of the valid LPC
communication instructed by Elpc="1" (87="1"), the output
control circuit 91 for LPC 1s made operative, and the output
control circuit 93 for general purpose 1s made moperative.
When the output control circuit 91 1s made operative,
interface data from the LPC bus HIF circuit 20 1s latched by
the output latch circuit 90 synchronously with a clock signal,
and the output gate circuit 61 1s controlled so as to perform
output operation by the control 51gnal 85 so that the data 88
can be output from the output buffer 53. Since the selecting
circuit 74 selects the bypasses 70 and 71 by the control
signal 87 at this time, the output operation of the output
buffer 53 1s not influenced by the operation delay of the level
shift circuits 54 and 55 and i1s performed at higher speed.
When the output control circuit 93 for general purpose 1s
made 1operative, the output terminal of the control signal
85 and the data 88 1s controlled to a high output impedance
state.

On the other hand, the microcomputer at the time of the
invalid LPC communication receives the supply of the
operation power 1n the high-voltage operation form. At the
time of the invalid LPC communication instructed by Elpc=
“0” (87="07), the output control circuit 93 for general
purpose 1s made operative, and the output control circuit 91
for LPC 1s made inoperative. When the output control circuit
93 1s made operative, interface data supplied from a prede-
termined peripheral circuit via an internal data bus 1s latched
by the output latch circuit 92 synchronously with a clock
signal, and the output gate circuit 61 1s controlled so as to
perform output operation by the control 51gnal 85 so that the
data 88 can be output from the output buifer 53. Since the
selecting circuit 74 selects the level shift circuits 54 and 55
by the control signal 87, the output operation of the output
buffer 53 1s influenced by the operation delay of the level
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shift circuits 54 and 55. However, the output operation 1s
performed via level shifting from the stepped-down voltage
amplitude to the external voltage amplitude and, after that,
the resultant 1s output. When the output control circuit 91 for
LPC 1s made inoperative, the output terminal of the control
signal 85 and the data 88 1s controlled to a high output
impedance state.

FIG. 10 1llustrates a transmission system of a latch clock
signal to the output latch circuit 90 for the LPC bus interface.

In FIG. 10, a PCI clock signal 100 for the LPC bus interface
is input from a clock input terminal 2 (CK), and an internal
clock signal 104 is supplied to the LPC bus HIF circuit 20
via a clock mnput buffer 101 of the buffer portion 3, a clock
input port 102 of the mput/output port 4, and a clock driver
103. The LPC bus HIF circuit 20 performs a bus interface
control synchronously with the internal clock signal 104 and
outputs output data to the output latch circuit 90. The output
latch circuit 90 receives the mternal clock signal 104 by a
clock terminal CK and performs a latching operation. The
data 88 latched by the output latch circuit 90 synchronously
with the clock signal 104 1s output to the data output
terminal 2(D) via the buffer portion 3. In the clock signal
transmission system, delay elements used at the time of
outputting data from the data output terminal 2(D) synchro-
nously with a change in the PCI clock signal 100 are clock
delay which occurs in the range from the clock input
terminal 2 (CK) to the clock input terminal CK of the output
latch circuit 90 and propagation delay of data which occurs
in the range from the output latch circuit 90 to the data
output terminal 2 (D). The data propagation delay is reduced
by using the bypasses 70 and 71 which can be selected by
the selecting circuit 74. To reduce the clock delay, 1t is
suflicient to decrease the number of gate stages 1n the clock
fransmission path.

FIG. 11 illustrates an example of further reducing the
clock delay and the data propagation delay. In order to
further reduce the clock delay for data output operation for
the LPC bus interface, the output latch circuit 90 1s disposed
near the clock input buffer 101 of the PCI clock signal 100,
and a clock signal 105 output from the clock input buffer 101
1s supplied to the output latch circuit 90. In order to further
reduce the data propagation delay, the output latch circuit 90
1s disposed very close to the output buffer 53, that 1s, very
close to the data output terminal 2(DD). To the output data
latch circuit 92 used for general input and output, an nternal
clock signal 107 generated by the built-in clock generator 10
1s supplied. In FIG. 11, the output data latch circuit 90 can
output latched data when the control signal 87 1s at the high
level, and 1s set in a high output impedance state when the
control signal 87 1s at the low level. The output data latch
circuit 92 can output latched data when the control signal 87
1s at the low level, and 1s set 1n a high output impedance state
when the control signal 87 1s at the high level.

FIG. 12 1illustrates the layout around the buffer portion.
The clock 1mput buffer 101 and the output data latch circuit
90 for the LPC bus interface are disposed very close to the
output buffer S3 and the data output terminal 2(D). On the
other hand, the output data latch circuit 92 for general
purpose 1s disposed at the input/output port 2 and 1s rela-

tively apart from the output buffer 53 and the data output
terminal 2(D).

FIG. 13 illustrates an example of a semiconductor inte-
ograted circuit capable of selecting any of two kinds of
external power supply voltages for performing a high-

voltage operation. A low-voltage operation form 1in the
normal operation 1s set as VCC=VCL=1.8V. A first high-
voltage operation form in the normal operation 1s set as
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VCC=3.3V and VCL=1.8V. A second high-voltage opera-
fion form i1n the normal operation 1s set as VCC=5.0V and

VCL=1.8V. A high-voltage operation form at the time of
burn-in 1s set as VCC=7.0V ad VCL=2.8V. The level shifting

range of the level shift circuit which 1s adapted to the
operation forms has to be varied according to an external
power supply. In the case where priority 1s placed on high
speed of shifting 1n the plurality of level shifting ranges by
the single circuit configuration, it 1s the best way to employ
level shift circuits of different circuit configurations accord-
ing to the level shifting ranges. Therefore, in FIG. 13, level
shift circuits 110, 111, and 113 are employed for shifting of
a wide shifting level range. The level shift circuits 110, 111,
and 113 are obtained by adding MOS transistors Q10 and
Q11 to accelerate charge pull-out from the common drain of
the MOS transistors Q3 and Q4 to the level shift circuits 54
and 55 and, similarly, adding MOS transistors Q12 and Q13
to accelerate charge pull-out from the common drain of the
MOS transistors Q5 and Q6. To a selecting circuit 116,

clocked inverters 114 and 115 for selecting the level shlft
circuits 110 and 111 are added. Further, three selection
signals 120, 121, and 122 for performing the selecting
operation of the selecting circuit 116 are used. The selection
signals 121 and 122 are subjected to level shifting in the
level shift circuits 112 and 113 and the resultant signals are
supplied to the clocked inverters 75 and 76 and the clocked
inverters 114 and 115. In the example of FIG. 5, the possible
level of the signal 87 1n the high-voltage operation form 1is
limited to the low level, so that no level shifting 1s required
in the propagation path of the selection control signal 87. In
contrast, 1n the example of FIG. 13, the possible level of the
signals 121 and 122 1n the high-voltage operation form 1s not
limited to the low level, so that the level shift circuits 112
and 113 are necessary. In the circuit configuration of FIG.
13, a circuit element having the same function as that 1n FIG.
S5 1s designated by the same reference numeral and its
detailed description will not be repeated.

FIG. 14 1llustrates a correspondence relation between the
valid/invalid state of the LPC communication 1n the semi-
conductor integrated circuit of FIG. 13 and the operation
power supply. In a manner similar to FIG. 7, the operation
status 1s roughly divided into burn-in and normal operation
(operation status other than burn-in), and the normal opera-
tion 1s roughly divided mto valid LPC communication and
invalid LPC communication. In the low-voltage operation
form (VCC=VCL=1.8V) 1 the normal operation, the LPC
communication 1s valid. In the operation form, 1n the case of
performing a host mterface control using the LPC bus HIF
circuit 20, by setting the control signal 120 to the high level
(VCL level 1n this case) and setting the control signals 121
and 122 to the low level (OV in this case), in the buffer
portion 3 for interface, therefore, the clocked inverters 76
and 77 1n the selecting circuit 116 are turned on, the clocked
mverters 75, 78, 114, and 115 are turned off, and the
bypasses 70 and 71 are selected. In such a manner, the
high-speed LPC bus interface can be realized.

In the first high-voltage operation form (VCC=3.3V,
VCL=1.8V) in the normal operation, the LPC communica-
tion 1s made 1nvalid. In the operation form, the control signal
121 1s set to the high level, and the control signals 120 and
122 are set to the low level. In the bulfer portion 3, the
clocked mverters 76,77,114, and 1135 of the selecting circuit
116 are turned of the clocked inverters 75 and 78 are turned
on, outputs of the level shift circuits 54 and 55 are selected,
the small amplitude of the stepped-down voltage i1s
expanded to the amplitude of the external power supply by
the level shift circuits 54 and 5§55, and the resultant can be
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output as an output of the output terminal 2 from the output
buffer 53. The invention can be applied to a system using an
operation voltage such as 3.3V,

In the second high-voltage operation form (VCC=5.0V,
VCL=1.8V) 1n the normal operation, the LPC communica-
fion 1s made 1nvalid. In the operation form, the control signal
121 1s set to the high level, and the control signals 120 and

122 are set to the low level. In the buffer portion 3, the
clocked 1nverters 75 to 78 of the selecting circuit 116 are
turned off, the clocked inverters 114 and 115 are turned on,
outputs of the level shift circuits 110 and 111 are selected,
and the small-amplitude of the stepped-down voltage 1s
expanded to the amplitude of the external power supply by
the level shift circuits 110 and 111. In such a manner, the
resultant can be output as an output of the output terminal 2
from the output buffer 53. The mvention can be applied to
a system using an operation voltage of 5.0V,

In the high-voltage operation form at the time of burn-in,
VCC=7.0V and VCL=2.8V, 1n a manner similar to the
second high-voltage operation form 1n the normal operation,
the control signals 120 and 121 are set to the low level and
the control signal 122 1s set to the high level to make the
shifting function of the level shift circuits 110 and 111 valid.
Therefore, for the mput/output port 4 and internal digital
portion 7 of a relatively low breakdown voltage, burn-in can
be carried out with a relatively low voltage of about 2.8V,
For the buffer portion 3 or the like having a high breakdown
voltage, burn-in can be carried out with a relatively high
external power voltage of about 7.0V. Thus, the reliability of
burn-in also for the circuit 3 having a high breakdown
voltage can be guaranteed. Moreover, the mput/output port
2 which operates with a low voltage 1s connected to the
buffer portion 3 which operates with a high voltage via the
level shift circuits 110 and 111. Consequently, a situation
such that a signal of an mtermediate level 1s continuously
supplied from the mput/output port 2 directly to the inverter
of the buifer portion 3 does not occur.

FIG. 15 1illustrates a data processing system using the
microcomputer 1 as various interface controller LSIs con-
nected to the LPC bus. To an LPC bus 131 connected to a
host processor 130, a plurality of mterface controllers 1(A),
1(B), 1(C), and the like each taking the form of the micro-
computer 1 are connected. The interface controller 1(A)
realizes a keyboard interface, the interface controller 1(B)
realizes a mouse 1nterface, and the interface controller 1(C)

realizes a power management 1nformation exchange inter-
face. The configuration of the LPC bus HIF circuit (LPC) of

cach of the interface controllers 1(A), 1(B), and 1(C) is
equivalent to the configuration explained with reference to
FIGS. 11 and 12. Each LPC bus HIF circuit (LPC) operates
synchronously with the PCI clock signal 100 output from the
host processor 130, and a high-speed output operation which
1s performed within predetermined time since the rising edge
of the PCI clock signal 100 1s achieved. Reference numeral
132 denotes a circuit block generically called for the data
output buffer 53, selecting circuit 74, level shift circuits 54
and 55, bypasses 70 and 71, data input buifer, data output
latch circuit, and the like. The interface controller 1(A) has
an A/D converter (A/D) for converting an analog signal 151
supplied from the outside to a digital signal, a central
processing unit (CPU), and an internal bus 150 to which the
A/D converter (A/D), the central processing unit (CPU), and
the LPC bus HIF circuit (LPC) are coupled. The central
processing unit (CPU) performs, although not limited, a
process of transferring a digital signal converted by the A/D
converter (A/D) to the LPC bus HIF circuit (LPC) via the
internal bus 150.
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Although the 1nvention has been concretely described
above on the basis of the embodiment, obviously, the
invention 1s not limited to the embodiment but can be
variously modified without departing from the gist.

For example, the circuit performing the external interface
synchronously with a clock 1s not limited to the LPC bus
HIF circuit but may be anther interface circuit module. The
conilguration of the level shift circuit 1s not limited to a static
latch form. In the above, the level shift circuit and the bypass
for the output buffer have been described. Although the level
shift circuit may be also provided for an input buffer, the
level shifting 1n this case 1s lowering 1n the level. Even 1f the
level shift circuit 1s not provided, 1n this sense, there 1s no
harm 1n 1nput operation and in the burn-in operation. The
semiconductor integrated circuit 1s not limited to a circuit of
the name of a microcomputer but can be widely applied to
an interface controller or an LSI such as a system LSI. The
operation voltage of the semiconductor integrated circuit 1s
not also limited to the above. The kinds of the external
power supply voltages which can be applied 1 the high-
voltage operation form are not limited to the two kinds
described by referring to FIGS. 13 and 14 but the imnvention
can be also applied to a case where the number of kinds 1s
three or more. The use of the LPC bus HIF circuit 1s not

limited to the use described by referring to FIG. 15.

Effects obtained by representative ones of the inventions
disclosed 1n the specification will be briefly described as
follows.

In the use form of operating the first circuit and the second
circuit having a breakdown voltage higher than that of the
first circuit with a low voltage, a bypass in a predetermined
level shift circuit 1s connected to the mput of a predeter-
mined external output buffer. Consequently, a high-speed
external interface using the external output buffer connected
to the bypass can be realized without being influenced by
operation delay due to level shifting.

In the use form using a high voltage for an external
interface, the first circuit 1s operated with a low voltage, the
second circuit 1s operated with a high voltage, a level shaft
circuit 1s mterposed without selecting a bypass 1n the pre-
determined external output buil

er, the signal amplitude of a
low voltage 1n the first circuit 1s shifted to the signal
amplitude of a high voltage of the second circuit, and the
resultant signal can be supplied to the external output buffer.

Also 1n the case of employing any of the use forms for the
semiconductor integrated circuit, at the time of burn-in, the
first circuit 1s operated with a low voltage for burn-in, the
second circuit 1s operated with a high voltage for burn-in, a
bypass 1s not selected 1n the predetermined external output
buffer but the level shift circuit i1s interposed, the signal
amplitude of the low voltage for burn-in 1n the first circuit
1s shifted to that of the high voltage for burn-in of the second
circuit, and the resultant can be supplied to the external
output buffer. Since a shoot-through current does not pass
into the second circuit by an intermediate-level signal hav-
ing a relatively small amplitude of the first circuit, deterio-
ration 1n the characteristic or destruction of the second
circuit caused by the shoot-through current does not occur.
Therefore, burn-in can be carried out 1n the first and second
circuits by using the operation powers adapted to the break-
down voltages of the circuits, so that reliability of burn-in
can be guaranteed.

From the viewpoint of prevention of the output operation
delay due to the level shift circuits and maintenance of a
high breakdown voltage of the output buifer, higher-speed
external output operation synchronized with clock signals
can be realized.
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From the viewpoint of suppression of the clock delay,
higher-speed external output operation synchronized with
external clock signals can be realized.

From the viewpoint of prevention of the output operation
delay due to the level shift circuits and maintenance of a
high breakdown voltage of the output buffer, reliability of
burn-in 1n a semiconductor integrated circuit in which the
speed of the external output operation synchronized with
clocks 1s 1ncreased can be improved.

What 1s claimed 1s:

1. A semiconductor integrated circuit comprising:

a first circuit; and

a second circuit having a breakdown voltage higher than
a breakdown voltage of said first circuit, 1n which
operation voltages of said first and second circuits can
be made equal to each other or different from each
other,

wherein said second circuit comprises:

a plurality of level shift circuits capable of shifting the
level of an output of said first circuit 1n accordance
with an operation voltage of said second circuit;

a plurality of external output buifers receiving outputs
of said level shift circuits;

a bypass circuit bypassing an input of a predetermined
one of said level shift circuits to an iput of a
predetermined one of said external output buifers;
and

a selecting circuit selecting connection of either said
predetermined level shift circuit or a bypass to an
input of said predetermined external output buffer.

2. The semiconductor integrated circuit according to
claim 1, wherein said level shift circuit 1s constructed by a
plurality of level shift circuits having level shifting ranges
which are different from each other.

3. The semiconductor integrated circuit according to
claim 1, further comprising;:

an 1nternal power step-down circuit stepping down an
input voltage from a first external terminal,

wherein said second circuit uses an mnput voltage supplied
to the first external terminal as an operation voltage,
and

wherein said first circuit uses, as an operation power, a
stepped-down output voltage of said internal power
step-down circuit or an 1nput voltage from a second
external terminal.

4. The semiconductor integrated circuit according to

claim 3,

wherein when the operation voltage of the first circuit and
that of the second circuit are made different from each
other, an external power supply voltage 1s connected to
a first terminal and a stabilized capacitative element 1s
coupled to a second terminal, and

wherein when the operation voltage of the first circuit and
that of the second circuit are made equal to each other,
the same external power supply voltage 1s coupled to
the first and second terminals.

5. The semiconductor integrated circuit according to
claim 1, wheremn said first circuit has a register holding
selection control information of said selecting circuit.

6. The semiconductor integrated circuit according to
claim 1, wherein said {first circuit has an output latch circuit
latching output data of said predetermined external output
buffer synchronously with a clock signal and a data pro-
cessing circuit for processing data to be latched by said
output latch circuat.
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7. The semiconductor integrated circuit according to
claim 6, wherein said output latch circuit 1s included 1n a
predetermined 10 port.

8. The semiconductor integrated circuit according to
claim 6, wherein said output latch circuit 1s neighboring to
said predetermined external output buifer.

9. The semiconductor integrated circuit according to
claim 6, wherein said clock signals are supplied from the
outside 1n parallel to said output latch circuit and said data

processing circuit.

138

10. The semiconductor integrated circuit according to

claim 6, wherein said data processing circuit 1s a host
interface control circuit.

11. The semiconductor integrated circuit according to
claim 10, wherein said host interface control circuit and said

output latch circuit operate synchronously with said external
clock signal of 33 MHz.
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